ABSTRACT
INTRODUCTION
ach year nearly 30,000 people raft down the Colorado River through the Grand Canyon (http://blog.cleveland.com/pdextra/2013/03/grand_canyon_rafting_down_the.html). The National Park Service (NPS) controls access, use, and travel mode on the Colorado River through the canyon. The NPS specifies an aggregate number of "user days" allowed for the river. About half the allocation of user days goes to sixteen existing commercial firms. The rest goes to private parties through a lottery system. These user days are also split between motorized and non-motorized travel. Additionally, the park service imposes daily limits on the types of trips that can be launched from Lees Ferry, the starting point for Grand Canyon river trips.
One of the most contentious issues raised in the debate over the allocation of river use has been between those that oppose, and those that support, motorized river travel. Those that oppose motorized travel have become more vocal in their desire for nonmotorized only trips. As with hiking through the Grand Canyon, these proponents advocate for a quieter Canyon experience. In addition, some groups would prefer to ban rafting in the Grand Canyon all together to return the river to a more pristine state. While the NPS may consider altering the modal split in the future, we can inform the public policy debate by considering the value of motorized travel to the business firms involved, and, by extension, to the public. To do this, we ask a rather simple and straightforward economic question -How much would it take to entice existing motorized providers to drop out of business?
The user days are allotted to sixteen commercial firms as well as to noncommercial groups, the latter based on a lottery system. Noncommercial groups make their own arrangements for their river trips, although there are some private firms that will outfit groups with equipment and supplies. As of 2006, when the park service last revisited this issue, total user days were split almost equally between commercial and noncommercial groups. However, commercial trips are limited to the summer and shoulder seasons only (April through October), while noncommercial trips occur all year long. Almost 30% of all noncommercial trips are run during the off-peak season of November through March.
There is also an allocation of user days between motorized and non-motorized trips. From September 16 through March 31, only non-motorized rafts 2 may be used on the river, while there is mixed use during the remainder of the year. The park service also regulates the number of launches allowed per day, which occur at Lees Ferry, at the upper end of the national park. For example, from June through August, six total daily launches are allowed, and only three may be motorized rafts.
Since the river has come under close regulation by the park service, there has been little changeover in commercial ventures that operate rafting trips. The de facto status of these river allotments is that they are the private property of the firm. While the NPS could change these arrangements, it has thus far shown no particular interest in doing so. And, while these firms must bid on their contracts every ten years, they receive a preference in keeping their allotments. From 1994 to 2006 only one firm, High Desert Adventures, dropped off the list of concessionaires, to be replaced by a new firm, Grand Canyon Discovery. However, the latter is an affiliate with one of the other existing commercial firms, Arizona Raft Adventures.
Data available from the Grand Canyon River Outfitters Association, 3 a group that represents the commercial operators, show the proportional breakdown of their clientele between motorized and non-motorized uses in terms of launches, passengers and user days for 2007. This information is summarized in Figure 1 , below. Motorized travel accounts for the lion's share of the business done by these commercial firms. In 2007, these firms used almost 99% of their allotted user days. The passenger share exceeds the user day share for motorized trips because these trips are shorter than non-motorized trips. That is, one passenger may absorb seven user days on a motorized trip versus ten user days on a non-motorized trip. Given that these firms operate very much like any private business, we are interested in primarily assessing their willingness to drop out of business. To investigate this we will analyze a data set that shows revenues for these commercial firms over the time period of 1994 to 2006. With an understanding of the revenue side of the business, we will make some simplifying assumptions about costs to extract the expected profit, which will then serve as the basis for assessing what monetary payment would be necessary to entice these producers to drop out. We will have to assume, out of necessity, that the user days freed up won't be otherwise available to other firms, or to new entrants into this industry.
Of secondary interest is the option of enticing these firms to switch from motorized to non-motorized rafts. This won't necessarily alter the total number of user days, but one of the other complaints that arise from the current system is that the motorized rafts are "too noisy."
Most firms do offer both motorized and non-motorized trips. To switch their mode of travel would likely incur costs as they swap out their motorized equipment for non-motorized equipment and some loss in revenue if we 
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The direction of effects here is straightforward. Since motorized trips can cover more distance in less time, they afford the traveler shorter itineraries. 4 Converting to non-motorized travel is likely to lengthen trips 5 which will certainly cause demand to fall. To fill these spaces, they may have to heavily discount their prices. Indeed, it is possible that operating this many user days, under these conditions, may not be profitable. So, the net effect would be the same as dropping out of business, without replacing the user days.
It has been suggested by some in the river running community that a non-motorized trip can cover the same distance in the same amount of time as a motorized trip. This would mean that firms can still offer the same kinds of trips as they currently offer. However, it would seem clear that this would require that visitors spend more time actually running the river. While this would seem to be exactly the experience that visitors are interested in, there is nothing to stop existing commercial providers from offering these kinds of trips today. So, there must be more to the quality of the visitor's experience besides just being in the raft -time spent enjoying the canyon's vistas from various stops along the river, as well at the chance to be more reflective and even engaging in light hiking activities would seem to be integral parts to one's overall canyon experience.
PART II.
THE DATA
A. Overview
The data set covers the period from 1994 through 2006. It shows the user days allotted to each of the sixteen firms that have concessions for commercial trips, as well as their annual gross revenues and the franchise fees paid to the National Park Service. The original data set is presented in the Appendix.
While the NPS offers the right for anyone to bid on these contracts, the existing users have been able to obtain and maintain some property rights in this regard. They are given preferential treatment in keeping their contract, and in keeping their allotment of user days. Indeed, in 2006, OARS, which already has an allotment of 7,355 user days, made a failed attempt to bid for Aramark's 9,546 user day allotment (Grand Canyon National Park News Release, 2007).
The sixteen concessionaires offer a variety of trips. Eleven of these firms offer both motorized and oarpowered trips, while four firms only offer oar-powered trips, and one firm only offers motorized trips. Their shares of the total 115,500 commercial user days allotted is shown in Figure 3 . A list of the sixteen commercial firms, their user day allotment and the types of trips that they offer is shown in the Table 1. There is a wide range of user day allotments. The top two firms -Western River Expeditions and Grand Canyon Expeditions -have nearly 28,000 user days, which is almost a quarter of the total. And, almost all of their trips are motorized. At the other end of the spectrum are small firms, with allotments of around 3,000 user days, who offer mostly non-motorized trips.
B. Revenue Data
From 1994 to 2006, these sixteen firms have seen their total yearly gross revenues rise from about twenty million dollars to thirty-three million dollars. Annually, they have also paid millions of dollars to the NPS as a fee for doing business. These total revenues, and fees, are shown in Figure 4 . From 1996 to 2006, these track quite closely, as NPS fees varied between 7.6% and 8.4% of gross revenues. Prior to 1996, this fee was about 4.5% of revenues. In 1996, an additional fee, classified as the "Colorado River Fund," was added to the franchise fee. The CRF fee represented about 3.2% of revenues and was phased out as a separate fee by 2004. While the Park Service does fix maximum prices for these river trips, we can look at the change in gross revenues over this time period to see that there is some variability in pricing that certainly reflects market conditions. Average revenue per user day rose from about $195 in 1995 to $280 in 2006, as shown in Figure 5 (left axis). The average annual dollar change in revenue is shown on the right axis of this figure. These changes were highest at the beginning and end of the period, while it was negative in 2003. That decline is likely to be a lagged response to the recession in [2001] [2002] . With many of these river trips booked a year, or more, in advance, and requiring significant deposits, even if there was discounting in 2002, it was not enough to depress a rise in these average revenue figures in that year.
The average revenue per user day is further broken down by the modal choices offered by the sixteen concessionaires. Figure 6 shows these results. Both the non-motorized and mixed-use firms have comparable earnings, and growth in earnings, from 1994 to 2006. Except for 1994, the firms offering only non-motorized river trips have slightly higher revenues per user day, which may indicate that the cost of serving these passengers is higher than for motorized river travel. The single firm that offers only motorized travel -Western River Expeditions -has earnings about double these other firms on a per user day basis. This arises due to the fact that while all trips must start at Lees Ferry, there is some discretion about where these trips end. Western River Expeditions pulls people off the river a few days short of Lake Mead and then fills the rafts with new customers for the remaining user days available to them.
The data also includes observations of the fees paid to the NPS by these commercial firms. While the total fees collected closely track gross revenues, as shown in Figure 4 , the variation across firms is not inconsequential, ranging from a low of 4.2% to a high of 10.5%, as shown in Table 2 . 
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As a final point of comparison, we can look at the gross revenues earned per user day for each firm and compare that to the amount implied by their current listing of prices for the 2009 season. There are two omissions here -OARS and Grand Canyon Discovery. The former had no posted prices on their web site, while the web site for the latter is the same as Arizona Raft Adventures. The prices were recorded for eight day motorized trips, when available. Seven day motorized trip prices were used for Canyoneers, Hatch, Tour West, and Western River Expeditions. Thirteen day oar trips were priced for Canyon Expeditions, Canyon Explorations, and Outdoors Unlimited, none of whom offer motorized trips. The comparison between the price per user day (2009) The results are reasonably close, but not all show higher prices per person. The outlier of Western River Expeditions is reduced a bit when we look at prices, although the per person, per day figure is still higher for this firm than for any of the other fifteen commercial concessionaires. 
PART III. ANALYSIS AND RESULTS

A. Overview
The data set gives us some insight into the revenue side of commercial river running operations. Cost data, however, is unavailable. The components are readily identifiable -labor, fuel, food, depreciation, overhead, maintenance, fees, and taxes. The difference between revenues and costs is, of course, the profit earned by the owners of the firm. This is the value, at a minimum, that owners would demand in return for giving up their interests in this business. They may place additional value on the business, especially if they are active participants. For example, they may get a great deal of non-monetary benefit from the mere ownership of such a service. If this is the case, to sway them to give up the business may require more than a simple dollar-for-dollar compensation of lost profit.
To assess the value of the owner's profit, one must calculate the discounted present value of this income stream, which is received yearly. If an owner makes $250,000 this year, it is worth exactly that, in present value terms. But, if an owner is expected to make $250,000 five years from now, it is worth considerably less than that amount today. The present value would depend on the rate of discount. Although that is different for everyone, we can use typical market rates of interest to account for this discount. For example, at a market rate of 5% return on some safe investment, averaged out over five years, the future amount of $250,000 is worth about $196,000 today. That is, the receipt of $196,000 today, invested at a 5% annual return, will yield $250,000 in five years. So, to discern the amount of money it would take to get an owner to drop out of business, we would have to identify the annual profit stream, some discount rate of interest and some lifetime for this income stream. Since we do not have access to this information, we can look at a range of likely values for these parameters and show a resulting range of outcomes.
It is more complicated to determine how much money it would take to get an owner to switch from nonmotorized trips to motorized ones. One would presume that the answer is less than it would take to get an owner to drop out of business. It is not clear that all owners could sell out their allotment of user days if they only offered non-motorized, and longer, trips. They may have to lower their prices, spreading the negative effects to the portion of their business that is already geared towards the non-motorized options. And, where this negative impact on prices affects the whole market, firms that didn't offer motorized trips may be induced to start doing so, confounding any intent to reduce motorized use of the river.
B. Buying Owners Out of Business
We have seen that the average gross revenue per user day, in 2006, was about $280. We do know that the NPS fee is about 8.5%, so we can derive a "net" revenue here of approximately $256. What share of this is likely to be the owner's profit? We will consider three outcomes -a low, medium, and high estimate of this profit -of $25, $75, and $125. These would represent profit of about 10%, 30%, and 50% of the net revenue.
6 If the average motorized raft consists of sixteen passengers, and if they spend an average of seven days per trip, this would mean that each raft would represent 112 user days. That represents $2,800, $8,400, and $14,000 of profit for our low, medium, and high outcomes (per boat, per trip).
To look at a range of possible outcomes, we will need to consider various discount rates and time periods. For the former, we can look at 2%, 5%, and 8% as a useful range of rates. With the data set provided, the growth rate in gross revenues, per user day, averaged around 5% over the years of 1994 to 2006. For time frames we will consider ten years, twenty years, and fifty years. The results are shown in Tables 3-5. To buy a reduction of one motorized raft from the Colorado River from one seven day trip, would cost between almost $19,000, if the owner has a short time horizon and a high discount rate, to almost $440,000, if the owner has a long time horizon and a low discount rate. For the medium profit scenario, at a 5% discount rate, and with a twenty year time horizon, the cost would be about $105,000.
. To voluntarily buy all of them off the river would likely cost at least $12 million, and may cost well over $280 million. For the medium profit scenario, at a 5% discount rate, and with a twenty year time horizon, the cost would be about $68 million.
C. Paying Owners to Switch
As noted earlier, it is much more problematic to estimate the adverse income effects from switching away from motorized and to non-motorized rafts. And, some uncertainty extends to non-participants insofar as they may be able to adjust their modes of travel that offset the effects of one firm switching. Still, if we assume the typical motorized raft takes up 112 user days, we can construct a series of outcomes that reflect the low end of the profit situation presented in the previous section. If the owners could switch without impacting their profit, it would seem that they would have done so, just to earn some goodwill. So, we can presume that it will take some positive payment to compensate them for lost profit if such a switch is made. Where we used $25, $75, and $125 as the profit per user day earlier, for this switching outcome, we will presume that profit will fall by $10, $30, or $50 per user day as our low, medium, and high scenarios. Using the same discount rates and time horizons, the results are shown in Tables 6-8. To entice the transition from one motorized raft on the Colorado River for a seven day trip to a nonmotorized raft, for the same amount of user days, would cost between $15,000, if the owner has a short time horizon and a high discount rate, to $210,000, if the owner has a long time horizon and a low discount rate. For the medium profit scenario, at 5% discount rate, and with a twenty year time horizon, the cost would be about $56,000.
As noted above, there is a current allotment of approximately 72,690 user days for motorized rafts, which would account for about 650 motorized raft trips per year, at the average trip length of seven days. To persuade all of them to switch to non-motorized rafts would likely cost about $9.8 million, and may cost over $137 million. For the medium profit scenario, at 5% discount rate, and with a twenty year time horizon, the cost would be about $36 million.
CONCLUSION
Contentious issues raised in the debate over the allocation of Grand Canyon river use has been between those that oppose, and those that support, motorized river travel. Those opposing motorized travel have become more vocal in their desire for nonmotorized only trips. In addition, some would prefer to ban all river travel.
